Background: The consequences of fatigue for the health and safety of seafarers has caused concern in the industry and among academics, and indicates the importance of further research into risk factors and preventive interventions at sea. This review gives an overview of the key issues relating to seafarer fatigue. Materials and methods: A literature study was conducted aiming to collect publications that address risk factors for fatigue, short-term and long-term consequences for health and safety, and options for fatigue mitigation at sea. Due to the limited number of publications that deals with seafarers, experiences from other populations sharing the same exposures (e.g. shift work) were also included when appropriate. Results: Work at sea involves multiple risk factors for fatigue, which in addition to acute effects (e.g., impaired cognition, accidents) contributes through autonomic, immunologic and metabolic pathways to the development of chronic diseases that are particularly prevalent in seafarers. Conclusions: Taking into account the frequency of seafarer fatigue and the severity of its consequences, one should look into the efficacy of the current legislative framework and the industry's compliance, the manning of the international merchant fleet, and optimised working, living and sleeping conditions at sea. Considering circumstances at sea, e.g. working in shifts and crossing time zones, that cannot be altered, further assessment of the potentials of preventive interventions including fatigue prediction tools and individual fatigue mitigation management systems is recommended. (Int Marit Health 2015; 66, 2: 106-117) 
* INtRODUctION
Fatigue in a medical sense represents a state of physical and/or mental weakness and is affecting everyone, regardless of occupation and cultural influences, but it is also a symptom accompanying numerous diseases and one of the most frequent reasons for seeking medical attention [1] . At the same time, however, fatigue is particularly linked to specific circumstances of work.
Fatigue and sleepiness are often used as synonyms but differ because sleepiness will always end with a sufficient amount of sleep while this is not the case for fatigue, which has also physical aspects involved. Physical fatigue follows prolonged periods of physical activities and causes weakness and reduced endurance. Mental fatigue is mainly the consequence of mental stress and emotional exhaustion, or high workload such as long working hours. In particular disruption of the sleep-wake cycle and circadian rhythm, which is occurring in jet lag and shift work, causes irregularity of work and sleep and reduces the amount and quality of sleep between work cycles. Mental fatigue occurs gradually Jørgen Riis Jepsen et al., Seafarer fatigue: a review of risk factors, consequences for seafarers' health and safety and insidiously, and may appear as cognitive impairment, reduced performance, mental symptoms such as a sense of weariness, and reduced alertness. The International Maritime Organisation (IMO) defines fatigue as "a reduction in physical and/or mental capability as the result of physical, mental or emotional exertion, which may impair nearly all physical abilities including: strength; speed; reaction time; decision making; or balance" [2] . We suggest a feasible definition as "a progressive loss of mental and physical alertness possibly ending in sleep".
Work-related fatigue is particularly an issue in safety sensitive occupational sectors, such as transportation (both at land, sea and in the air). The consequences of work-related fatigue have been widely studied in occupational settings. Many experiences from land-based trades such as road and rail transport as well as from air transport can be extrapolated to the maritime context [3] .
The maritime industry is characterised by the necessity of seafarers to work in shifts to keep the vessel going continuously. Various forms of shifts have been applied, but common to most of them is that shifts permit less sleep because they break up the day in portions that leave insufficient time for rest and restitution. Sleeping may take place under unfavourable circumstances due to continuous exposures such as noise, vibration, movements of the ships and other disturbing factors at sea. Consequently, the quantity and quality of sleep is prone to be disfavoured, which is even worse if being forced to sleep at unfavourable times of the day when working outside the regular daytime hours [4] .
The work patterns and life on board vary enormously according to factors such as cargo, type of trade, the crew nationality and flag state and so does the extent of fatigue. Working in the short sea sector appears to cause more fatigue due to more port calls and the associated increase of workload [5] . Compared to shore based workers, seafarers report higher levels of lethargy and poor quality sleep [6] . It is, however, impossible to globally estimate the extent and impact of fatigue on seafarers. Previous studies suffer from low response rates and consequently it is difficult to compare with the fatigue rate of the general population. However, patterns of day to day changes in fatigue have been shown to be measurable and vary considerably among particular subgroups of seafarers and between the start and end of voyages [7] . There is evidence of under-recording of seafarers' working hours, and that this may be related to cultural and commercial pressures [8, 9] .
Measuring fatigue is complicated because fatigue represents an integration of subjective perceptions, performance and physiological functioning. The lack of a universal tool to measure fatigue challenges research that aims to relate fatigue to health and safety outcomes. However, subjective rating of sleepiness by the Karolinska Sleepiness Scale (KKS) is a simple approach for which there is a high validity on comparison with electroencephalographic and behavioural variables [10, 11] . KKS may therefore represent a feasible proxy for fatigue, and has shown its value in several studies on fatigue [11] [12] [13] [14] [15] [16] [17] [18] . It is, however, emphasized that subjective rating of sleepiness differs from the subjective rating of performance [19] . Sleepiness has been shown to be context-dependent [20] meaning that sleepiness can be regarded as the lack of ability to maintain a wakeful state of attention without the aid of situational factors. Consequently, the context of sleepiness may influence the KSS rating [12] . Sleep diaries can serve as a proxy for the amount of sleep, while actigraph monitoring, which is applicable at sea, or electroencephalographic recordings represent a more objective measure of sleep, but cannot provide information as to what extent the person is suffering from fatigue.
A variety of specific fatigue measuring instruments, however, exist, as reviewed by Dittner et al. [21] . The majority of these currently available tools have the problem that they are aimed to measure fatigue in very specific medical circumstances such as in people suffering for instance from specific medical conditions for which symptoms include fatigue. This makes the majority of these instruments unsuitable for Measuring Fatigue in a Potentially healthy population such as seafarers. To our opinion, one of the more suitable available scales to measure fatigue is, for instance, the Multidimensional Fatigue Inventory (MFI-20) developed in 1995 by Smets et al. [22] for measuring fatigue in cancer patients, and this instrument has also been validated in healthy volunteers [23] The scale consists of 20 items, to be agreed upon on a 1 to 7 scale, divided over five dimensions of fatigue, namely 1) general fatigue, 2) physical fatigue, 3) mental fatigue, 4) reduced motivation, and 5) reduced activity.
This review aims to describe the causes of work-related fatigue in seafarers and the associated acute and chronic consequences of fatigue and risk factors for fatigue. The issue is complex. A simple illustration of the major relationships is provided in Figure 1 . In addition, ways of mitigating fatigue will be discussed.
RISK FActORS FOR FAtIGUE
Studies of risk factors for seafarer fatigue may address either of the acknowledged maritime risk factors or their combination, or the occupational risk factors for fatigue that have been demonstrated among workers other than seafarers.
In a questionnaire study of seafarers, symptoms of fatigue were found related to a range of occupational and environmental risk factors at sea (sleep quality, work hours and shifts, tour length, job demands, work stress, sleep disturbances, time zone crossings etc.). The rate of fatigue Figure 1 . Diagram illustrating the main determinants and outcomes of fatigue correlated with the amount of risk factors as well as with poorer cognitive and health outcomes with fatigue as the most important risk factor for the latter [24] . Other recent studies confirmed that these factors in combination must be considered to understand fatigue at sea, and emphasized that working more than 2 × 6 h per 24 h should be avoided since this leads to considerably high levels of sleepiness [25] . In a study of a representative Swedish sample of 58,115 individuals interviewed at regular intervals over a period of 20 years on issues related to work and health, Åkerstedt et al. [26] found that significant predictors for fatigue were female gender, age below 49 years, high socioeconomic status, present illness, hectic work, overtime work, and physically strenuous work.
Seafarers in the merchant fleet are the most studied among maritime workers. However, there is evidence that at times fishermen may be even more prone to fatigue. A review of fatigue in fishermen resulted in 5 studies that all confirmed fatigue to represent a serious risk in the trade [27] . One study of fishermen showed that 23% of days at sea permitted less than 4 h sleep, and understandingly the fishermen's perceived fatigue rating remained high after sleep [28] . In another study, 60% of fishermen believed that their personal safety had been at risk due to fatigue at work, and 16% had been involved in a fatigue related accident. 44% said that they had worked to the point of exhaustion or collapse [29] .
Work stress, shift work and physical workload are among the most important risk factors that are related to fatigue [26, 30] . Sleep deprivation, rather than perceived sleep quality, correlates best with observed biological and metabolic changes. Most studies on the association between sleep and health are based on sleep length [31] [32] [33] but there is an increasing number of epidemiological studies on the association between sleep quality and health [34] . A causal relation is indicated by experimental demonstration of adverse health effects following a significant reduction of the sleep duration [35, 36] .
StRESS
When it comes to the effect on sleep and fatigue of psychosocial work characteristics, the picture is complex. Unfavourable psychosocial work characteristics have only minor effects. While high job strain is found to be associated with difficulties initiating sleep and reduced psychomotor vigilance during night shifts, the average sleep duration and efficiency was not affected [37] . A literature review on psychological stress in seafarers concluded that seafaring is associated with mental, psychological and physical stressors with the most important stressors being separation from family, loneliness on board, fatigue, multi-nationality, limited recreation activity and sleep deprivation. The stressors differed in between strata and departments on board. The associated mental health risks are suggested to be addressed by helping seafarers to lower their stress level and to develop strategies for coping with "inevitable" stress conditions [38] . The social situation and stress at work are strongly linked to disturbed sleep and impaired Jørgen Riis Jepsen et al., Seafarer fatigue: a review of risk factors, consequences for seafarers' health and safety awakening. Gender and age may modify these relations and the inability to stop worrying about work during free time seems to be an important link between stress and sleep [30] . Increased stress/worry at bedtime, for instance about work, is associated with impaired sleep [39] , and work stress is typically associated with increased sleep latency due to work rumination [40] .
A recent review found only a small to moderate effect of work demands and job control on sleep quality [41] . A longitudinal study of the relation with job demands and job control demonstrated that a transition from a non-high-strain towards a high-strain job was associated with a significantly reduced sleep quality and increased fatigue, while the opposite transition improved sleep-related problems [42] . This is in line with the outcome of a study of the influence of work-time control and variability of working time on recovery from fatigue, sleep quality, and work-life balance, and on the occurrence of self-reported "near misses" at work. High work-time control and variability had favourable influences on health and work-life balance [43] .
One study has shown that objective sleep efficiency based on actigraphy recordings was unrelated to variations in both psychosocial work characteristics and negative affective responses, while self-recorded poor sleep was more prevalent among those overcommitted to work or with lower social support at work [44] . Another study showed that a workweek with a high workload and much stress increases sleepiness, and impairs sleep, and affects the pattern of diurnal cortisol secretion with a more flattened pattern probably due to increased evening levels during the stressing week [45] . Day-to-day variations in self-reported fatigue by sleep-diaries is related to poor sleep quality, reduced sleep duration the previous night (measured by actigraphy recordings), higher stress level and to the occurrence of a cold or fever during the same day [46] .
IRREGULAR WORK AND SLEEp qUANtIty
While most adults need between 7 and 9 h of sleep per day, preferably during a single major sleep period at night, this may be difficult to obtain at sea -in particular with work in shifts. Fatigue related to shift work has been studied in seafarers, and clear differences between daytime workers and shift workers, and between various watch systems have been observed. In a case-control study of rotating shift workers and daytime workers the sleep profile was similar in the two groups, but insomnia was found to be closely related to sleep time, anxiety, depression, fatigue, and impaired quality of life [47] . Alertness was found to be lower in rotating watch systems than in a steady watch system [48] .
Shift work causes difficulties getting to sleep, shortened sleep, and sleepiness during working days that continues into successive days off. This can only be partly improved by manipulating shift patterns. There is no clear indication that chronic sleep problems result from long-term shift work [49] although this is suggested by retrospective studies [50] .
Shift work and long working hours contributes to sleep debt [51] . When shift work includes night work, it has pronounced negative effects on sleep, subjective and physiological sleepiness, performance, and accident risk, as well as on secondary health outcomes such as cardiovascular diseases. The reason for that is the conflict between the day-oriented circadian physiology and the requirement for work and sleep at the "wrong" biological time of day. Other factors that negatively impact work shift sleepiness and the associated accident risk include long duration work-shifts in excess of 12 h and individual vulnerability for phase intolerance. This may lead to a shift work related disorder in workers with the greatest impairment of sleepiness and performance during the biological night and insomnia during the biological day [52] .
Shift work-related insomnia differs between various work schemes with evening shift insomnia more prevalent in 2-shift rotation than in 3-shift rotation schedule (29.8% and 19.8%, respectively). Night shift insomnia was higher among 3-shift rotation workers compared with permanent night workers (67.7% and 41.7%, respectively). Rest-day insomnia was more prevalent among permanent night workers compared with 2-and 3-shift rotations (11.4% compared with 4.2% and 3.6%, respectively) [53] .
Changing from a forward rotating to a backward rotating shift system is likely to increase sleep difficulties between successive afternoon shifts but to decrease social disruption [54] . Fatigue is more pronounced in 2-watch systems (e.g., 6 on/6 off) than in 3-watch systems (e.g., 4 on/8 off) [15, 17] and most obvious between 4:00 and 6:00 h when the biological pressure to sleep is at its highest [15] .
Eriksen et al. [16] have demonstrated that, within a 6 on/ /6 off system, the levels of sleepiness are highest during the night shift from midnight to 6 a.m. and rises towards the end of the shift. The 6/6-watch system (12 daily work hours) is related to higher risk of severe sleepiness for marine officers during the early morning hours compared to the 4/8-watch system with 8 daily work hours. The officers reported shorter sleep duration, more frequent nodding-off on duty and excessive sleepiness. 17.6% had fallen on sleep at least once while on duty during their career [15] .
These findings were confirmed in the HORIZON project, in which 3 linked marine simulators were applied for creating a sustainable and realistic voyage experience. Bridge and engine crew was studied on 4 on/8 off and 6 on/ /6 off-watch systems. Sleep and sleepiness were objectively assessed by polysomnographic recordings [18, 55, 56] . There was a high frequency of severe sleepiness, indicated by several officers actually falling asleep whilst on watch. The 6 on/6 off watch regime appeared to be more sleepiness inducing than the 4 on/8 off, with more incidents of seafarers falling asleep. The onset of sleepiness on 6 on/6 off was apparent over a shorter timeframe than predicted from previous research. Marine watch keepers were shown to be most sleepy during night watches and showed signs of sleepiness in the afternoon. Sleepiness increased gradually during the work periods as the week progressed. This study has also demonstrated a profound impact of sleep disturbances during rest periods, and that the actual amount of sleep obtained by watch keepers when off watch was less than anticipated. The total amount of sleep that watch keepers managed to obtain on 6 on/6 off was less than normally required for full rest. Watch keepers' sleep time averaged 6.5 h in total, split up into two sessions: the main one during the "night" time, followed by a "nap" during the other rest period [57] . The subjective as well as objective peaks of sleepiness during night and early morning watches coincided with the time frame in which relatively many maritime accidents occur. Overtime work was shown to have a strong impact on sleepiness. A striking number of participants fell asleep during work after a short period of mild overtime work [18] .
Similar findings were reported in a study by Lützhöft et al. [17] , who also reported shorter sleep periods within a 6/6 system, where sleep was more often split into 2 episodes. The level of sleepiness was higher on the 00:00-06:00 and 06:00-12:00 watch with increasing sleepiness towards the end of the watch. The sleep duration differed in between the various watches with longer sleep during the 06:00-12:00 and 18:00-24:00 off-duty periods [16] .
Whether sleep was fragmented into 2/3 episodes on an oceanographic vessel or 5/6 episodes on a fishing vessel, the 24 h circadian alertness rhythm assessed by Visual Analogue Scales and actigraphs was preserved in both instances with seafarers having a circadian alertness dip during night time and a pronounced afternoon dip. The sleep fragmentation should be viewed not only as an occupational phenomenon but also with social factors such as meal times playing a role [58] .
SLEEp qUALIty
Not all sleep is of the same quality and contains the same recuperative benefits. The highest sleep quality is obtained at night while sleeping at other times is prone to be more disrupted and shorter, and therefore of lower quality. Good recuperation requires about 6 h of uninterrupted sleep for a person who normally sleeps 8 h.
Objective measures of sleep continuity are closely related to perceived sleep quality in the sense that sleep quality is essentially comparable to sleep continuity [59] . Disturbed sleep seems to be a stronger predictor for fatigue than other well-established risk factors for fatigue [13] . This is in accordance with the observation that subjective calmness of sleep and ease of falling asleep improves sleep quality and that the duration of wakefulness prior to sleep and the timing of sleep determines the subjective experience of sleep quality [60] . Difficulties awakening after sleep is shown to be related to high work demands, low social support, being male, low age and smoking [30] . Disturbed sleep is related to female gender, age above 49 years, present illness, hectic work, physically strenuous work, and shift work [26] .
phySIcAL RISK FActORS
Exposure to a ship's engine noise at 65 dB(A) can have an adverse effect on sleep [61] , but this seems to be more a subjective effect, e.g. relating to sleep quality, which was not apparent with actigraphy [62] . Sleep tended to be often interrupted through noise and ships' movement in several studies [7, 25] . Related to a moving environment, motion sickness -experienced by most seafarers -is a major cause of fatigue [63] . There is, however, little evidence about the severity of ships' motions that degrade physical and mental performance [64] . It has been demonstrated that crews experience more constraints in terms of motion sickness and fatigue on days when vessel motions increased, with certain activities and responses being particularly influenced by vessel motions [65] .
INDIvIDUAL RISK FActORS
Large individual differences in the effects of shift duty scheduling were shown in a study of naval day workers and night workers, so that the strategies addressing fatigue need to take into account that different individuals may be more suited to different shifts [66] . Out of several individual factors with a detrimental effect on circadian rhythms, age is an issue because there is a tendency towards an ageing workforce in the maritime industry. Ageing decreases the speed of circadian adaptation to night work and has a major impact on sleep quality and chronic disease risk factors [67] . Sleep disorders are also more prevalent in older workers. Practical countermeasures to improve the conditions of older workers should aim to fit work demands flexibly to ageing workers with different levels of work ability, health and social needs [68] . In a study of naval seafarers, older personnel did not suffer from more work-related fatigue than younger personnel, but work-related fatigue was found to accumulate over time with continuous exposure to work demands on board [69] .
While older shift-workers tend to report more subjective sleepiness that decreases their work performance during morning and night shifts [14] , a systematic review of tolerance to shift work for older people reached conflicting results and concludes that there is only limited evidence Jørgen Riis Jepsen et al., Seafarer fatigue: a review of risk factors, consequences for seafarers' health and safety for older people to be less tolerant. Still it is argued that age-specific aspects should be considered in shift work planning [70] . However, subjective sleep quality is becoming inferior and difficulties awakening and feelings of not being well rested after sleep increase with age [26, 30] . In contrast, fatigue appears to be more prominent for younger subjects below the age of 49 years [26] .
AcUtE RESpONSES AcUtE SAFEty EFFEctS
Within occupational medicine and traffic medicine, the concerns relating to safety issues are the main focus of the interest in fatigue.
Transport workers are prone to become sleepy and eventually to fall asleep during work [15, 57] . In the driving sector, sleepy drivers have been estimated to be involved in at least 15-20% of accidents [71] . It is not easy to clearly retrospectively relate sleepiness to maritime accidents, but in a study of 279 maritime incidents the United States Coast Guard estimated that fatigue contributed to 16% of the critical vessel casualties and 33% of the personal injuries [20] . In a study of 1647 collisions, groundings, contacts and near collisions the British Marine Investigation Branch estimated that a third of all groundings involved a fatigued officer alone at the bridge at night, that two-thirds of vessels involved in collisions were not keeping a proper lookout, and that a third of all accidents that occurred at night involved a sole watch-keeper on the bridge. The main concerns from this study was fatigue, lookout, safe manning and the role of the master [72] .
While reduced sleep and sleepiness in itself is an explanatory factor of accidents, the context of reduced sleep is also important since suboptimal work schedules and lifestyle, and sleep pathology are equally important factors [73] . A review of 20 studies of safety in shipping across fatigue, stress, health, situation awareness, teamwork, decision-making, communication, automation, and safety culture concluded that modifications of human factor issues should be a focus for interventions [74] . The risk of accidents is higher at night (and to a lesser degree afternoon) compared to the morning. It increases over a series of shifts and as shifts exceed 8 h [75] .
AcUtE hEALth RELAtED EFFEctS
Disturbed sleep is the most common acute health-related effect of shift work, in particular with regard to difficulty getting to sleep, shortened sleep and sleepiness during working hours that continues into successive days off [49] . Falling asleep during wake time is another consequence of fatigue [15, 18, 30] . Since shift work and the associated fatigue impairs cognition it can potentially lead to misjudgements and accidents [76] .
chRONIc RESpONSES
Chronic fatigue may follow repeated exposures to acute fatigue or represent a persistent failure of sufficient rest and recuperation to overcome fatigue. The pathways from fatigue to chronic disease are complex and not fully understood but involved mechanisms include metabolic, autonomous, and immunological pathways.
Chronic sleep debt leads to chronic circadian disruption of the immune response [77] and increases the risk of developing cardiovascular diseases [78] . Autonomic changes relating to a reduced parasympathetic modulation may result from lifetime shift work [79, 80] . Disruption of the circadian regulation of the human transcriptome is another implicated mechanism behind fatigue that is related to mistimed sleep. Delaying sleep by 4 h for 3 consecutive days has led to a 6-fold reduction of the human blood transcriptome while the centrally mediated circadian rhythm of melatonin remains unaffected [81] . Fatigue from night and shift work alters the hormonal and sleepiness cycles and the lipid and glucose metabolism [82] . Despite signs indicating such possible disease mechanisms, however, compelling evidence remains to arise [83] .
chRONIc pSychOSOcIAL EFFEctS AND SLEEp DISORDERS
Experimental studies have demonstrated that chronic sleep loss cumulatively increases the rate of deterioration in performance across wakefulness, in particular during the circadian "night" [84] . Fatigue favours sleeping disorders such as insomnia, and delayed or advanced sleep-phase disorders and interferes with behaviour and social life [68, 82] .
Insomnia, the inability to fall asleep and/or to stay asleep as long as desired, is the most common sleep disorder related to irregular work hours such as shift-work. Sleep apnoea/ /hypopnoea is a common sleep disorder among overweight men who snore. The affected subject may not be aware of the condition, which causes sleepiness and fatigue when awake. While this condition is not caused by fatigue per se, it is related to fatigue in the sense that fatigue related to sleep deprivation contributes to a preference for high caloric food that may result in overweight and metabolic changes. Delayed or advanced sleep-phase symptoms occur when the circadian rhythm is out of phase with the environment. Delayed sleep-phase syndrome causes difficulties to sleep at night and is mainly affecting younger persons while advanced sleep-phase syndrome causes trouble to stay awake in the evening and waking up early in the morning.
chRONIc SOMAtIc hEALth EFFEctS
In addition to impaired cognition [76] , chronic exposure to shift work has been demonstrated to cause a number of other significant health implications [85] . Fatigue from night and shift work may affect the gastrointestinal and cardiovascular functions through altered hormonal and sleepiness cycles [86] .
Peptic ulcer and symptoms related to irritable bowel syndrome are increased in shift-workers and there is no doubt that shift work is a significant risk factor for coronary heart disease [68] . The autonomous consequences of lifetime shift work lead to increased blood pressure [79, 80] . The intake by shift workers of more pro-inflammatory diets compared to day workers [87] contribute to their cardiovascular risk, which may also be increased through additional interrelated psychosocial (difficulties in controlling work hours, decreased work-life balance, poor recovery following work), behavioural (weight gain and smoking) and physiological mechanisms (activation of the autonomic nervous system, inflammation, altered lipid and glucose metabolism with related changes in risks for atherosclerosis, metabolic syndrome and type 2 diabetes). In spite of signs indicating such possible disease mechanisms, however, compelling evidence remains to be elucidated [83] . However, an increased overall risk profile of cardiovascular disease mortality has been demonstrated with incomplete recovery from work in terms of having work free weekends [88] . This aspect may be highly relevant for seafarers subjected to extended periods (months) at sea.
Many studies have linked short sleep duration to obesity through pathways of increased high caloric food intake and reduced energy expenditure during daytime, which is related to sedentary behaviour. Fatigue, adverse sleep patterns and shift work are known risk factors for obesity, and lead to high levels of triglycerides and low high-density lipoprotein cholesterol. These metabolic changes indicate an increased risk of metabolic syndrome [1, 89, 90] , which is more prevalent among former shift workers than in workers who have never worked in shifts [91] , and among seafarers than in the general population [92] . Short sleep duration is correlated to an increased risk of adult overweight/obesity and some studies claim this to be related to a reduced circulating leptin level relative to what is predicted by fat mass [93] , whereas others have found increased circulating leptin levels after a period of short sleep [36] . It should be noted, however, that experimental studies are far from consistent where it concerns the metabolic consequences of short sleep duration [94] [95] [96] . Shift work has been found to be associated with unfavourable dietary habits and consequently to overweight and related chronic diseases such as coronary heart disease, metabolic syndrome and type 2 diabetes [97] . Night shift work, in particular for workers of older ages, increases obesity [98] , calorie intake, and smoking, and causes shorter sleep duration [67] . A meta-analysis has recently demonstrated that shift work is associated to an increased risk of diabetes mellitus, in particular among men with rotating shifts [99] .
Shift work has been shown to be associated with a higher risk of common infections [100] , possibly mediated through a lack of oxidative capacity.
The joint additional effect of adverse lifestyle factors such as smoking, sedentary lifestyle, and obesity, which is also prevalent among seafarers, is regarded as multiplicative [68] . Individuals whose working hours exceed standard recommendations are more likely to increase their alcohol use to levels that pose a health risk [101] .
The International Agency for Research on Cancer has classified shift work as a probable human carcinogen but research on this issue is complex [102] . For males prostate carcinoma has been particular implicated [103] .
Along with other psychosocial stressors, fatigue is regarded as associated with mental health risks [38] . Psychiatric conditions such as major depression are increased among shift-workers and their prevalence increases with the length of exposure and age [68] .
FAtIGUE MItIGAtION
Countermeasures for fatigue in transportation, including seafaring, has been recently reviewed in a comprehensive Swedish report [104] . Reducing seafarers' fatigue requires external and company regulation and control as well as individual preventive intervention and human resilience. Fatigue mitigating factors include alertness management strategies of which proper work-rest scheduling and adequate sleep hygiene are of primary importance [105] . Whereas countermeasures (scheduling, education, naps, caffeine etc.) -preferably in combination -may ameliorate the negative impact of shift work on night time sleepiness and day time insomnia, there seems at present to be no way of eliminating most negative effects of shift work on human physiology and cognition [52] . Recent advice on best practices have been published by SeaHealththe occupational health service for the Danish merchant fleet [106] .
INtERNAtIONAL REGULAtION
The International Labour Organisation (ILO) Convention 180 on Seafarers' Hours of Work and Manning of Ships that came into force in 2002 dictate a maximum amount of work of 14 h in any 24-h period and up to 72 h in any 7-day period. The minimum hours of rest should be not less than 10 h in any 24-h period and 77 h in any 7-day period. The hours of rest may be divided into no more than 2 periods, one of which must be at least 6 h in length and the interval between consecutive periods must not exceed 14 h.
Other ILO Conventions 92, 133, 140, 141, and 147 introduce additional minimal habitability requirements on board ships such as noise control and air conditioning. The International Safety Management (ISM) Code states that if fatigue, excessive hours of work, or lack of adequate rest are or should be apparent, the master and the company management should intervene to immediately remedy the problem. The Code reiterates the important position held by the master of a ship but also states that the company will not absolve itself from responsibility by delegating the responsibility for managing safety on board to the master. The company is also responsible for ensuring their masters' monitoring and managing of their own hours of work/ /rest so that they do not suffer from fatigue. The company must ensure that master, officers and crew are properly qualified, experienced, trained and familiarised and sufficient in number. The safe manning certificate determines the required manning to run a particular ship safely at a particular time. The Code requires the company to prepare plans and instructions, including checklists for 'key shipboard operations', which will depend on the type of ship and its operational requirements (navigation and bridge management, cargo operations and management, etc.). The management of personnel and their hours of work and rest should ensure that the various tasks can be performed safely and that fatigue is prevented. Seafarers who are too tired for acting safely should not perform operational tasks, and procedures should prevent this from happening. While the ISM Code cannot achieve immediate perfection it should initiate a cycle of continuous improvement and proactive steps. It also allows a reactive approach by learning from experienced system failures, including previous corrective actions. Any situation on board where a seafarer is not achieving the minimum hours of rest or works excessive hours and is possibly suffering from fatigue must be recorded and reported.
cOLLEctIvE FAtIGUE MItIGAtION MANAGEMENt
Fatigue should be regarded as a serious health and safety issue and therefore securing sufficient quality sleep is the first and most important way of fatigue mitigation. This will promote recovery while insufficient rest and suboptimal sleep will exacerbate fatigue, which may eventually accumulate over time [77] . Keeping fixed watch schedules for mitigating fatigue has been proposed [48] , but the feasibility in a broader context remains to be shown.
Houtman et al. [107] emphasized proper implementation of the ISM Code as essential to reduce fatigue and consequently to focus upon company-based strategic solutions. This requires a more robust and realistic approach to regulation and manning. While vessels may already operate with more crew than demanded by their flag state, the operational mode must also be taken into account [108] . The crew-size may be adequate for open sailing but insufficient for maintenance, recovery, port turn-arounds, or with specific security requirements. A level of redundancy requires manning specifications to be universal for all vessels to prevent economic advantage accruing to companies who operate with bare minimums. A comparison in between a ship with a 24-man crew and a ship with an 18-man crew demonstrated that the latter had longer working hours, a higher level of catecholamine excretion and higher stress levels [109] .
To cope with fatigue, learning experiences should be drawn from different maritime sectors as well as from other transport sectors that are prone to fatigue, notably the aviation industry, which has dealt significantly with this issue [110] . Learning from best practices requires the collaborate efforts of all stakeholders such as the work force, regulators and academics.
Under-recording of working hours to comply with the legislation is contra-active in relation to fatigue mitigation. It has been shown that seafarers who under-reported at least occasionally their working hours were significantly more fatigued and less healthy than non under-recording seafarers [8, 9] .
To promote good quality sleep, the cabins should be quite, dark and cool, i.e. protected from noise and vibration to the extent possible, with an option for shielding off daylight, and with efficient air conditioning facilities. Single cabins should be offered for undisturbed sleep.
INDIvIDUAL FAtIGUE MItIGAtION MANAGEMENt
Certain circumstances on board cannot be changed, e.g. the weather, and the waves, and naval architects at the best are only likely to modify/reduce the ships' motion. Taking into account that legislation and compliance cannot solve all issues relating to fatigue, collective mitigation cannot stand alone. The seafarer's own behaviour is also important.
The seafarer would benefit from taking actions such as calming down and avoiding caffeine and alcohol prior to sleep. It is important to spend as much time as possible in daylight, and to be active (physically and mentally) during the day but not too close to bedtime. The seafarer should attempt to follow his own circadian rhythm by sleeping and waking early if a morning person and sleeping and waking late if an evening person.
The cabin should be prepared for sleep by shielding out light and to secure coolness (below 20 o C). Phone and door-bell should be switched off. Relaxing, reading or listening to soothing music before sleeping can help getting ready for sleep. Nicotine and alcohol should be avoided 2 h before sleep, and caffeine 6 h before sleep. Heavy exercise should also be avoided 2 h before going to bed. If hungry, only light food is recommended.
There are several additional countermeasures to ameliorate the negative impact of irregular work on night-time-sleepiness while working and daytime insomnia when there is a need of sleeping during the day. Even when these measures are applied (probably best in combination), however, there seems at present to be no way to eliminate most of the negative effects of shift work on human physiology and cognition [52] .
Blue light exposure [111] , caffeine [112, 113] and naps [112] [113] [114] have all been demonstrated to mitigate fatigue. Naps should be kept short (15-40 min) to avoid waking up from deep sleep. A nap should be scheduled to the last 2 h before a night shift and end 1 h before starting work. Lifestyle issues such as regular exercises and healthy diet habits promote the general health, and at the same time affect positively sleep and reduce fatigue. Worksite healthy sleep programs have shown the effectiveness of tailored interventions [115] . As a part of the MARTHA project [116] , which currently studies international seafarers' perceptions regarding perceived causal factors and sleep patterns, the Stress Research Institute at University of Stockholm has recently released "Fatigue -a self-health guide" to be used for a trial on fatigue mitigation on board.
A recent Cochrane report concluded that the effect of melatonin had only a limited effect on sleep duration during daytime after night shifts but no effect on sleep quality. There is insufficient knowledge for an effect of hypnotics on sleep length [117] . In spite of melatonin and hypnotics being available over the counter in many countries, medicaments addressing sleep problems are not recommended by the authors. Their side effects may well be worse than the problem that one tries to solve by taking them.
FAtIGUE pREDIctION
Various models for fatigue prediction have been recently reviewed and the current generation of such models is regarded as an appropriate element in a fatigue risk management system to be applied in field settings by organisations and regulators. It is, however, emphasized that individual and task variables are not included in the current models [118] and the user interphase has limited user-friendliness. The HORIZON project [57] has pointed to ways of mitigating fatigue [119] and developed a software tool for maritime use for fatigue prediction [120] . As a part of a Fatigue Risk Management System this tool may eventually allow the shipping industry to approach new goal-based practices.
